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Determination of 6-mercaptopurine
in the presence of uric acid using modified
multiwall carbon nanotubes-TiO2
as a voltammetric sensor
Ali A. Ensafi∗ and H. Karimi-Maleh

In this work, a multiwall carbon nanotubes modified electrode (prepared by incorporating TiO2 nanoparticles with p-
aminophenol as a mediator) was used as voltammetric sensor for the determination of 6-mercaptopurine (6-MP) in the presence
of uric acid (UA). The voltammograms of 6-MP and UA in a mixture can be separated from each other by differential pulse
voltammetry with a potential difference of 380 mV at a scan rate of 10 mV s−1. These conditions are sufficient to allow for the
determination of 6-MP and UA both individually and simultaneously. The electrocatalytic currents increase linearly with 6-MP
concentration in the ranges of 0.09–350 µmol L−1 (two linear segments with different slopes). The detection limit for 6-MP
was 0.065 µmol L−1. The RSD% for 1.0 and 15.0 µmol L−1 6-MP were 0.7%, and 1.2%, respectively. The kinetic parameters of
the system were determined using electrochemical approaches. The method was successfully applied for the determination of
6-MP in drug sample, and 6-MP plus UA in urine samples. Copyright c© 2011 John Wiley & Sons, Ltd.
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Introduction

Mercaptopurine (also called 6-mercaptopurine, 6-MP), Scheme 1,
is an immunosuppressive drug. It is a thiopurine[1] and used
to treat leukaemia. This drug is traditionally not recommended
during pregnancy but this issue has been debated and cur-
rent evidence indicates that pregnant women on the drug
show no increase in foetal abnormalities. However, women
receiving mercaptopurine during the first trimester of preg-
nancy have an increased incidence of abortion. Therefore, the
drug has the potential to be cancer-causing in humans. Var-
ious methods including high performance liquid chromatog-
raphy (HPLC),[2 – 6] capillary electrophoresis,[7 – 10] electrochem-
ical methods,[11,12] fluorescence,[13,14] and spectrophotometric
methods[15] have been used for the detection of 6-MP in plasma.
Recently, in order to obtain an effective separation and sensitive
detection, some coupled methods such as capillary electrophore-
sis with laser-induced fluorescence,[16] liquid chromatography
with electrochemical detection, [17] and liquid chromatography
with microdialysis [18] have been used for monitoring 6-MP. 6-
MP-coated gold nanoparticles have more recently been prepared
with excellent stability and the enhanced spectroscopic signal
has also been used for detecting 6-MP.[19 – 21] However, there
still remain certain limitations in spectrofluorimetric and chro-
matographic methods that include selecting a suitable column
or mobile phase, finding a suitable reactant for the post-column
reaction (in order to increase sensitivity) in liquid chromatog-
raphy, and facing many interfering substances in spectrofluo-
rimetric methods. Most of the methods reported suffer from
disadvantages such as complicated procedure, long response
time, requirement of expensive instruments, and low detection
capability.

Scheme 1. The structure of 6-MP.

Uric acid (2,6,8-trihydroxypurine, UA), the end metabolic
product of purine through the liver, is present in blood and
urine. Monitoring UA in the blood or urine is important because it
can be used as a powerful indicator for an early warning sign of
kidney diseases. There are some electrochemical methods for the
determination of UA.[22 – 27] On the other hand, for many of them,
6-MP acts as interference. However, for patients on 6-MP, UA and
6-MP concentrations should be checked for high levels of UA. If
positive, then the patient needs to be hydrated, or his/her urine
alkalized; allopurinol can also be used in such cases as a helping
drug.[28] Thus, in patients undergoing treatment with 6-MP, UA is
excreted in more quantity in comparison to controls. Therefore,
simultaneous determination of 6-MP and UA is vital.

Carbon nanotubes (CNTs) continue to receive considerable
attention in electrochemistry.[29 – 36] CNTs have been the subject
of numerous investigations in chemical, physical, and materials
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Table 1. Comparison of the efficiency of some methods in the
determination of 6–MP

Methods
Limit of detection

(µmol L−1)
Linear dynamic range

(µmol L−1) Reference

DPVa 16 000 16 000–67 500 11

Fluorescence 0.02 0.066–40 13

HPLCb 0.006 0.013–0.4 6

Fluorescence 0.0004 0.06–0.3 8

DPV 0.08 0.2–50 12

DPV 0.065 0.09–350 This work

a Differential pulse voltammetry.
b High performance liquid chromatography.

areas due to their novel structural, mechanical, electronic, and
chemical properties.[37,38] CNT modified electrodes have been
reported to give super-performance in the study of a number
of biological species, including levodopa,[39] cytochrome c,[40]

UA,[41] epinephrine,[42] and glutathione.[43] Few publications are
available regarding electrochemical determination of just 6-MP in
real samples using chemically modified electrodes.[11,18] In all of
the reported methods, UA acts as an interfering compound, hence
needs separation before analysis, because it affects the selectivity.
As yet, based on our knowledge, no paper has been reported
on the simultaneous determination of 6-MP pulse UA using
electrochemical methods. Comparisons of the results obtained
from different methods are given in Table 1.

In this paper, we have used voltammetric and electrochemical
impedance spectroscopic techniques to demonstrate the electro-
chemical behaviour of 6-MP on multiwall carbon nanotubes-TiO2

paste electrode modified with p-aminophenol. The proposed sen-
sor is highly selective and sensitive for the determination of 6-MP
in the presence of UA. The detection limit, linear dynamic range,
and sensitivity to 6-MP with the p-aminophenol modified carbon
nanotubes paste electrode (p-APMCNTPE) from this method are
comparable to, and even better than, those from recently devel-
oped which use voltammetric methods. Although the oxidation
peak of UA overlapped with that of 6-MP with the other electrodes,
this electrode was able to differentiate the substances and it is,
therefore, possible to measure both simultaneously. The proposed
method suffers from lower limit of detection and higher selectiv-
ity and it could be use for simultaneous determination of 6-MP
and UA.

Experimental

Chemicals

All chemicals used were of analytical reagent grade purchased
from Merck (Darmstadt, Germany) unless otherwise stated. Doubly
distilled water was used throughout. p-Aminophenol was used
from Fluka and 6-MP from Merck (Darmstadt, Germany).

Universal buffer (boric acid, phosphoric acid, acetic acid plus
sodium hydroxide, 0.10 mol L−1) solutions with different pH values
were used.

High viscosity paraffin (d = 0.88 kg L−1), graphite powder
(particle size <50 µm) and carbon nanotubes (>9% MWCNT basis,
d × l = (110–70 nm) × (5–9 µm) from Fluka (Buchs, Switzerland)
were used as a substrate for preparation of the carbon paste
electrode as a working electrode (WE).

Apparatus

Cyclic voltammetry (CV) and differential pulse voltammetry
(DPV) were performed in an analytical system, Autolab with
PGSTAT 12 (Eco Chemie BV, Utrecht, the Netherlands). The
system was run on a PC using GPES and FRA 4.9 software.
For impedance measurements, a frequency range of 100 kHz
to 0.1 Hz was employed. A conventional three-electrode cell
assembly consisting of a platinum wire as an auxiliary electrode
and an Ag/AgCl (KClsat) electrode as a reference electrode was
used. The working electrode was either an unmodified carbon
nanotubes paste electrode (CNPE) or a carbon nanotubes paste
electrode modified with p-aminophenol and TiO2 (p-APMCNTPE).
The prepared electrodes with carbon nanotubes and with the
modifier were characterized by scanning electron microscopy
(SEM) (XLC Philips).

Preparation of the modified electrode

p-Aminophenol (50 mg) was dissolved in 10 ml diethyl ether and
hand mixed with 840 mg of graphite powder, 550 mg TiO2 plus
100 mg of multiwall carbon nanotubes in a pestle and mortar.
The solvent was evaporated by stirring. Using a syringe, 0.88 g
paraffin was added to the mixture and mixed well for 40 min
until a uniformly wetted paste was obtained. The paste was then
packed into a glass tube. Electrical contact was made by pushing
a copper wire down the glass tube into the back of the mixture.
When necessary, a new surface was obtained by pushing an excess
of the paste out of the tube and polishing it on a weighing paper.
The unmodified carbon paste electrode (CPE) was prepared in
the same way without adding p-aminophenol, TiO2 and carbon
nanotubes to the mixture to be used for comparison purposes.

Preparation of real samples

Five tablets of 6-MP (labelled 50 mg per table (Korea United
Pharma, Seoul, S. Korea) were completely ground and homoge-
nized. Then, 100 mg of the powders was accurately weighed and
dissolved with ultrasonication in 100 ml of ethanol-water (1 : 1)
solution (hot water). The resultant solution was diluted 100 times,
and then 1.5 ml of the solution plus 10 ml of 0.10 mol L−1 buffer
(pH 9.0) were used for the analysis.

Drug-free human urine used in this study was obtained from
healthy volunteers. Urine was also obtained from non-healthy
volunteers (from children with cancer – chronic lymphocytic
leukaemia). Urine samples were stored in a refrigerator immedi-
ately after collection. Ten millilitres of the sample was centrifuged
for 5 min at 1500 rpm. The supernatant was diluted five times with
universal buffer pH = 9.0. The solution was transferred into the
voltammetric cell to be analyzed without any further pretreat-
ment. Standard addition method used for the determination of
6-MP and/or UA in real samples.

Results and iscussion

Electrochemistry of the mediator and the eletrocatalytic effect

Electrochemical properties of the modified electrode were studied
by CV in a buffer solution (pH 9.0). The experimental results showed
well-defined and reproducible anodic and cathodic peaks related
to p–AP/p–AP+ redox couple with quasi-reversible behaviour and
the peak separation potential of �Ep (Epa − Epc = 130 mV).[44]

These cyclic voltammograms were used to examine the variation
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Figure 1. (A) Cyclic voltammograms of a) p-APMCNTPE-TiO2 in the buffer (pH 9.0); b) p-AMPCPE without TiO2 in the presence of 400.0 µmol L−1 6-MP at
pH 9.0; c) p-APMCNTPE without TiO2 in the presence of 400.0 µmol L−1 6-MP at pH 9.0; d) p-APMCNTPE-TiO2 in the presence of 400.0 µmol L−1 6-MP at
pH 9.0; g) as (d), (f) as (c) and (e) as (b) for the unmodified electrode at a scan rate of 10 mV s−1. (B) Tafel plot for p-APMCNTPE-TiO2 the buffer solutions
(pH 9.0) with scan rate of 5 mV s−1 in the presence of 300.0 µmol L−1 6-MP.

of the peak currents vs potential scan rates. The plots of the
anodic and cathodic peak currents were linearly dependent on
υ1/2 with a correlation coefficient of 0.9947 and 0.9913 at all the
scan rates. This behaviour indicates that the redox process has a
diffusion-controlled nature.[44,45]

Figure 1A depicts cyclic voltammetric responses from the
electrochemical oxidation of 400.0 µmol L−1 6-MP at p-APMCNTPE
with TiO2 (curve d), at p-aminophenol modified carbon paste (p-
APMCPE) (curve b), at p-APMCNTPE without TiO2 nanoparticles
(curve c), at carbon nanotubes paste electrode (CNTPE) (curve
g), at a carbon nanotubes and TiO2 nanoparticles (curve f) and
at a bare carbon paste electrode (CPE) (curve e). As can be
seen, the anodic peak potential for the oxidation of 6-MP at
p-APMCNTPE with and without TiO2 (curve d and c) and p-
APMCPE (curve b) is about 110 mV, while it is about 480 mV
at CNTPE with TiO2 (curve g), 500 mV at CNTPE without TiO2

(curve f), and about 520 mV for 6-MP (curve e) at the bare CPE.
From the results, it is concluded that the best electrocatalytic
effect for 6-MP oxidation is observed at p-APMCNTPE with TiO2

nanoparticles (curve d). In addition, the results show that the peak
potential of 6-MP oxidation at p-APMCNTPE (curve d) shifted by
about 370, 390, and 410 mV, respectively towards the negative
values compared with those at CNTPE (curve g), at CNTE with
TiO2 (curve f), and at a bare CPE (curve e). Similarly, when we
compared the oxidation of 6-MP at p-APMCPE (curve b), at p-
APMCNTPE without TiO2 (curve c) and at p-APMCNTPE with TiO2

nanoparticles (curve d), an enhancement of the anodic peak
current was observed at p-APMCNTPE-TiO2 relative to the value
obtained at p-APMCPE.

The influence of pH solution on the electro-oxidation of 6-MP at
the surface of p-APMCNTPE-TiO2 was studied at different pH values
(6.0 to 11.0). The results showed that the maximum electrocatalytic

current was obtained at pH 9.0 and then it’s levelled off. In lower
pH values, the electro-catalytic effect of p-aminophenol decreased
due to the protonation of the–NH2 group. Therefore, pH 9.0 was
chosen as the optimum pH for the determination of sulfite at
p-APMCNTPE-TiO2.

In order to obtain information on the rate determining step,
a Tafel plot was developed for p-APMCNTPE-TiO2 using the
data derived from the raising part of the current-voltage curve
(Figure 1B). The slope of the Tafel plot is equal to n(1 − α)F/2.3RT
which comes up to 8.2009 V decade−1. We obtained nα equal to
0.51. Assuming n = 1, then α = 0.526.

In addition, the value of αnα (nα is the number of electrons
involved in the rate determining step) was calculated for
the oxidation of 6-MP at pH 9.0 for both the modified
and unmodified carbon nanotubes paste electrodes using the
following equation:[46]

αnα = 0.048/(EP − EP/2) (1)

where EP/2 is the potential corresponding to IP/2. The values
for αnα were found to be 0.52 and 0.21 at the surface of
both p-APMCNTPE and the unmodified carbon nanotubes paste
electrode, respectively. These values show that the over-potential
of 6-MP oxidation is reduced at the surface of p-APMCNTPE,
and also that the rate of electron transfer process is greatly
enhanced. This phenomenon is thus confirmed by the larger Ipa

values recorded during cyclic voltammetry at p-APMCNTPE. In
addition, with increasing the potential scan rate, the catalytic
oxidation peak potential gradually shifts towards more positive
potentials, suggesting a kinetic limitation in the reaction between
the redox site of the p-aminophenol and 6-MP. However, the
oxidation currents change linearly with the square root of the scan
rate, suggesting that at sufficient over-potentials, the reaction
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Figure 2. SEM image of (A) p-APMCNTPE-TiO2, (B) Unmodified MCNTPE-TiO2, and (C) CPE.

is mass transfer controlled. The results show that the overall
electrochemical oxidation of 6-MP at the modified electrode might
be controlled by the cross-exchange process between 6-MP and
the redox site of the p-aminophenol and by the diffusion of 6-MP.

SEM characterization of MWCNTs

The morphologies of different electrode surfaces were charac-
terized by SEM. Figure 2 displays a typical morphology of the
modified multiwall carbon nanotubes paste electrode with p-
aminophenol and TiO2 (Figure 2A), unmodified multiwall carbon
nanotubes-TiO2 paste electrode (Figure 2B), and carbon paste elec-
trode (Figure 2C) characterized by SEM. According to Figures 2A
and 2B, most of the MWNTs were in the form of small bundles or
single tubes, and the homogeneous dispersion MWNTs could be
observed. p-Aminophenol and TiO2 are distributed into MWCNTs
and did not change the morphology of MWCNTs, but made it more
compact. However, it can be clearly seen that MWCNTs dispersed
homogeneously.

Chronoamperometric study

Chronoamperometric behaviour of p-APMCNTPE-TiO2 was exam-
ined both in the absence and in the presence of 6-MP by setting
the working electrode potential at 0.30 V (in the first potential
step) and 0.0 V (in the second potential step) vs Ag|AgCl|KClsat

(Figure 3A). The linearity of the electrocatalytic current vs t−1/2

indicates that the current must be controlled by diffusion of
6-MP from the bulk of the solution toward the surface of the
electrode (Figure 3B). Therefore, the slope of this linear plot
can be used to estimate the diffusion coefficient, D, of 6-MP.
The mean value of D was found to be 2.59 × 10−6 cm2 s−1.
These results show that the mediator at the surface of p-
APMCNTPE-TiO2 can catalyze the oxidation of 6-MP. It may be
concluded that this process corresponds to an EC’ mechanism
(Diagram 1).

Chronoamperometry can also be employed to evaluate the
catalytic rate constant, k, for the oxidation reaction of 6-MP at

Diagram 1.

p-APMCNTPE-TiO2 according to the method of Galus:[47]

IC/IL = π1/2γ 1/2 = π1/2(kCbt)1/2 (2)

where IC is the catalytic current of 6-MP at p-APMCNTPE-TiO2, IL

the limited current in the absence of 6-MP, and γ = kCbt (Cb

is the bulk concentration of 6-MP) is the argument of the error
function and t is the time elapsed (s). Based on the slope of IC/IL
vs. t1/2 plot, k can be obtained for a given 6-MP concentration.
The plots obtained from the chronoamperograms in Figure 3 are
presented in Figure 3C. From the values of the slopes, an average
value obtained as 91.71 × 103 mol−1 L s−1.

Electrochemical impedance spectroscopy

Figure 4A presents Nyquist diagrams and bode plots of the
imaginary impedance (Zim) vs the real impedance (Zre) of the
electrochemical impedance spectroscopy (EIS) obtained at p-
APMCNTPE-TiO2 recorded at 0.150 V dc-offset in the absence
(curve a) and in the presence of 1000 µmol L−1 UA (curve b)
and 1000 µmol L−1 6-MP (curve c), respectively. Figure 4A shows
that in the absence of 6-MP, the Nyquist diagram comprises a
depressed semicircle at high frequencies which may be related
to the combination of the double-layer capacitance and charge
transfer resistance of p-aminophenol electro-oxidation, followed
by a straight line with a slope of nearly 45◦ that is due to the
occurrence of mass transport process via diffusion.
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Figure 3. (A) Chronoamperograms obtained at the p-APMCNTPE-TiO2 in the absence a) and presence of b) 250, c) 350, d) 500 and e) 600 µmol L−1 6-MP
(pH 9.0). (B) Cottrell’s plot for data of the chronoamperograms. (C) Dependence of Ic/IL on the t1/2 derived from the chronoamperogram data.

Figure 4. (A) Nyquist diagrams of p-APMCNTPE-TiO2 in the absence
(a) and presence of 1000 µmol L−1 UA (b), and 1000 µmol L−1 6-MP (c).
Inset (a) shows Nyquist diagrams for 6-MP at CNTPE. Points show the
experimental data and the full line is calculated from the optimized
parameters. Inset (b) shows the related bode plots of (a), (b) and (c).
(B) Complex plane plots obtained on the modified electrode for different
concentrations of 6-MP as: a) 1000, b) 1300, and c) 1500 µmol L−1.
Conditions: pH, 9.0; EDC, +0.15 V vs. Ag/AgCl; Eac, 5 mV; Frequency range,
10 kHz to 1 Hz. Insert shows equivalent circuit compatible with the Nyquist
diagram.

The equivalent circuit compatible with the Nyquist diagram
recorded in the absence and presence of 6-MP is depicted in
Figure 4B (insert). In this circuit, Rs, CPE, and Rct represent solution
resistance, a constant phase element corresponding to the double-
layer capacitance, and the charge transfer resistance associated
with the oxidation of low-valence p-aminophenol species. W
is a finite-length Warburg short-circuit term coupled to Rct,
which accounts for the Nernstian diffusion. In the presence of
6-MP, the diameter of the semicircle decreases, confirming the
electrocatalytic capability of the mentioned electrocatalyst for
6-MP oxidation. This is due to the instant chemical reaction of
6-MP with the high-valence p-aminophenol species. The catalytic
reaction of oxidation of 6-MP that occurred via the participation
of p-aminophenol species virtually caused an increase in the
surface concentration of low valence species of the electrocatalyst,
and the charge transfer resistance declined, depending on the
concentration of 6-MP in the solution. On the other hand, UA could
not be electrocatalyzed on this modified electrode to provide the
necessary conditions for the selective determination of 6-MP in real
samples. This behaviour is consistent with the result of the CV and
chronoamperometry (Figures 1 and 2). In the abovementioned
circuits, the charge-transfer resistance of the electrode reaction
is the only circuit element that has a simple physical meaning
describing how fast the rate of charge transfer during electro-
oxidation of 6-MP changes with the electrode potential. To obtain a
satisfactory fitting of Nyquist diagrams, it was necessary to replace
the double-layer capacitance with a constant phase element in
the equivalent circuit. The dependence of the drug concentration
on Rct has been illustrated in Figure 3B. It is interesting that the
concentration of 6-MP is related to Rct of Nyquist diagrams. The
equation Rct = RT ×(n2F2Akct[S])−1 may explain the relation
between bulk concentration of the redox probe and charge
transfer resistance, where R is the ideal gas constant, T is the
absolute temperature, n is the number of transferred electrons per
one molecule of the redox probe, F is Faraday’s constant, A is the9
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Figure 5. DP voltammograms of 6-MP and UA under the optimum
conditions. (A) 3.3 µmol L−1 6-MP with UA concentrations of 1): 18.0;
2): 120.0; and 3): 140.0 µmol L−1; (B) 150.0 µmol L−1 UA with 6-MP
concentrations of 1): 1.2; 2): 3.0; and 3): 3.6 µmol L−1.

geometric surface area of the electrode (cm2), kct is the potential
dependent charge transfer rate constant, and [S] corresponds to
the concentration of the redox probe (mol cm−3). We can replace
[S] with k1[6-MP], where k1 is a constant. If all the other parameters
are also constant, simply a linear relation of the form 1/Rct = k[6-
MP] is obtained, in which k includes all constants. As a result, the
values of the charge transfer resistances gradually decrease upon
addition of 6-MP to the solution. The extent of the decrease in Rct

depends on the magnitude of the applied DC potential, provided
the AC potential is small and the diffusion layer produced by the
DC potential is not perturbed by the AC potential.

Figures of merit

Since DPV has a much higher current sensitivity and better
resolution than CV, DPV was used for simultaneous determination
of 6-MP and UA. The pulse height and width of 50 mV
and 5 mV were selected in order to get the best sensitivity
under the specific conditions. The results showed two linear
segments with different slopes for 6-MP concentration; namely, for
0.09–4.5 µmol L−1 of 6-MP, the regression equation was Ip(µA) =
(6.0828±0.0701)C6 – MP + (44.0490±0.8000) (r2 = 0.9968, n = 6),
while for 4.5–350 µmol L−1 of 6-MP, the regression equation was
Ip(µA) = (0.0968±0.0011)C6 – MP+(71.1250±1.0101) (2

r = 0.9937,
n = 7), where C6 – MP is µmol L−1 concentration of 6-MP.

The detection limit was determined at 0.065 µmol L−1 6-MP
according to the definition of YLOD = YB + 3σ .[48]

In addition, analytical experiments were carried out either by
varying UA concentration (18–150 µmol L−1) in the presence
of fixed amounts of 6-MP (3.3 µmol L−1) and/or varying 6-
MP concentration (0.6–2.0 µmol L−1) in the presence of fixed
amounts of UA (50 µmol L−1) (Figures 4A and 4B). The results
showed no intermolecular interactions during the oxidation
of the compounds at the surface of the electrode. The DP
voltammetric results showed that simultaneous determination
of 6-MP and UA with two well-distinguished anodic peaks at

−30 and 350 mV potentials, corresponding to the oxidation of
6-MP and UA, is possible at the modified electrode. Fig. 5 shows
DP voltammograms of different concentrations of 6-MP and UA
under the optimum conditions.

The sensitivities towards 6-MP in the absence and presence
of UA were found to be 6.0828 ± 0.0701 µA µmol L−1 (in the
absence of UA) and 6.1669 ± 0.1030 µA µmol L−1 (in the presence
of UA). It is interesting to note that the sensitivities of the modified
electrode to 6-MP in the absence and presence of UA are virtually
close, which indicates that the oxidation processes of 6-MP and
UA at p-APMCNTPE-TiO2 are independent.

The repeatability and stability of p-APMCNTPE-TiO2 was
investigated by CV measurements of 1.0 and 15.0 µmol L−1. The
relative standard deviation (RSD%) for ten successive assays were
0.7% and 1.2%, respectively. When using five different electrodes,
the RSD% for five measurements was 3.5%. When stored in a
libratory, p-APMCNTPE-TiO2 retains 94% of its initial response
after a week and 90% after 20 days. These results indicate that p-
APMCNTPE-TiO2 has good stability and reproducibility, and could
be used for 6-MP measurements.

Interference study

The influence of various substances as compounds potentially
interfering with the determination of 6-MP and UA were studied
with 3.0 µmol L−1 6-MP and 100.0 µmol L−1 UA. The potentially
interfering substances were chosen from the group of substances
commonly found with 6-MP and UA in pharmaceuticals and/or
in biological fluids. The tolerance limit was defined as the
maximum concentration of the interfering substance that caused
an error of less than ±5% for the determination of 6-MP and UA.
We found that neither 1000-fold of glucose, sucrose, lactose,
fructose, and citric acid nor 600-fold of methanol, ethanol,
Ca2+, Mg2+, SO4

2−, Al3+, NH4
+, Fe+2, Fe+3, CO3

−2, Cl−, F−,
glycine, citric acid, aspartic acid, and nor 600-fold of aspirin
affected selectivity. Nor did saturation of starch solution, 50-fold
of urea, and 5-fold dopamine, ascorbic acid and epinephrine
interfere with the determination of 6-MP and UA. Although
ascorbic acid show interference, but interference from ascorbic
acid can be minimized by using ascorbic oxidase enzyme,
which exhibits high selectivity to oxidation of ascorbic acid, if
necessary.

Sample analysis

To evaluate the applicability of the proposed method, the recovery
of 6-MP was determined for 6-mercaptopurine in urine and
tablet samples. Drug-free human urine used in this study was
obtained from healthy volunteers. Urine was also obtained from
children who have cancer (chronic lymphocytic leukaemia). The
results are given in Table 2. In addition, the results for urine
sample were compared with an HPLC method[18] with satisfactory
results.

Conclusions

In this paper, we studied the electrochemical behaviour of 6-MP
and UA at p-APMCNTPE-TiO2 using voltammetric methods. The
results showed that the oxidation of 6-MP is catalyzed at pH 9.0 and
that the peak potential of 6-MP is shifted by 370 mV to a less pos-
itive potential at the surface of p-APMCNTPE-TiO2. The modified
electrode exhibits highly electrocatalytic activity for the oxidation
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Table 2. Determination of 6–MP and UA in real samples (n = 5)

6–MP UA

Sample
6–MP Added

(µmol L−1)
UA Added
(µmol L−1)

Found
(µmol L−1)

Recovery
(%)

RSD
(%)

Found
(µmol L−1)

Recovery
(%)

RSD
(%)

HPLC standard method
(µmol L−1)

Urinea – <LOD∗ – – – <LOD – – <LOD

10.0 – 9.7 97.0 3.1 10.5 105.0 2.8 –

20.0 20.0 20.2 101.0 2.7 21.0 105.0 1.1 –

30.0 30.0 30.3 101.0 2.2 30.5 101.6 0.9 –

Urineb – – 3.0 – 3.2 – – – 2.9

5.0 – 8.1 102.0 2.6 – – – –

Urinec – – 0.2 – 2.4 – – 1.9 0.24

2.0 – 2.2 102.0 2.5 – – 2.2 –

Urined – – 0.5 – 1.9 – – – 0.51

4.5 – 5.1 102.0 2.4 – – – –

Urinee – – 0.4 – 2.2 – – – 0.42

1.6 – 2.1 105.0 2.7 – – – –

Tabletf – – 9.6 96.0 1.5 – – –

5.0 – 15.1 100.6 2.1 – – –

10.0 – 20.2 101.0 1.8 – – –

∗ LOD: Limit of detection.
a Healthy person. b Sampling was made after 2.5 h from a man who is safe and used 6–MP.
c,d and e Urine samples of patients undergoing treatment with 6–MP.
f Expected value = 10 µmol L−1.

of 6-MP and UA. Although the oxidation peak of UA overlapped
with that of 6-MP with the other electrodes, this electrode was
able to differentiate the substances and it is, therefore, possible
to measure both simultaneously. Furthermore, the proposed
modified electrode displayed higher selectivity in voltammetric
measurements of 6-MP and UA in their mixture solution.
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